(19) 



J 



(12) 



(43) Date of publication: 

11.12.1996 Bulletin 1996/50 

(21) Application number: 96109049.5 

(22) Date of filing: 05.06.1996 



EuropaJsches Patentamt 
European Patent Office 
Off Ice europeen des brevets (11) EP 0 748 074 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : H04J 13/02 



(84) Designated Contracting States: 


(72) Inventors: 


DE GB SE 


• Fukawa, Kazuhiko 


(30) Priority: 07.06.1995 JP 140542/95 


Yokohama-shi, Kanagawa (JP) 


* Suzuki, Hiroshi 


(71) Applicant: NTT MOBILE COMMUNICATIONS 


Yokosuka-shi, Kanagawa (JP) 


NETWORK INC. 


(74) Representative: Hoffmann, Eckart, Dipi.-lng. 


Mlnato-ku, Tokyo (JP) 


Pate ntan wart, 




Bahnhofstrasse 103 




82166 GrSfelfing (DE) 



(54) Spread spectrum transmitter and receiver employing composite spreading codes 



(57) In a system with a spread spectrum transmitter 
and receiver employing composite spreading codes, the 
transmitter spreads, in a spreading part, a baseband 
modulated signal by a short code from a short code 
generator and a long code from a long code generator 
with a longer chip period than that of the short code and 
then transmits the spread baseband modulated signal. 
The receiver despreads a spread baseband received 
signal in a receiving part by a pair of short and long 

FIG. 4 



codes in one despreacfing part to obtain a baseband 
modulated signal of a direct path and despreads the 
spread baseband received signal by the pair of short 
and long codes delayed by a muttipath delay time differ- 
ence in the other despreading part to obtain a baseband 
modulated signal of a delayed path, and the baseband 
modulated signals thus obtained are diversity-detected 
to obtain a detected baseband signal. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a direct sequence s 
code division multiple access system in spread spec- 
trum communications and, more particularly, to a 
spread spectrum receiver and transmitter that spreads 
an input signal by both short-term and long-term 
spreading codes (hereinafter referred to as short and 10 
long codes, respectively). 

In recent years, a variety of spread spectrum sys- 
tems have been studied for more effective frequency uti- 
lization in digital mobile radio communications (M.R. 
Simon, J.K. Omura, R.A. Scholtz and B.K. Levitt is 
"Spread Spectrum Communication" Computer Science 
Press, 1985). In particular, a DS-CDMA (Direct 
Sequence-Code Division Multiple Access) system is rel- 
atively simple in configuration and studies have been 
continued with the goal of putting it to practical use. in 20 
the application of the DS-CDMA system to, for example, 
a cellular mobile radio communication system, the 
same short code can be used in adjacent cells when dif- 
ferent long codes are assigned to them. 

In Fig. 1 there is illustrated a prior art example of a 25 
transmitter in the DS-CDMA system. A digital signal 
S(m) is fed via an input terminal 1 1 to a baseband mod- 
ulator 12, which uses the cfigital signal s(m) to generate 
a baseband modulated signal b{n). The baseband mod- 
ulated signal b(n) is applied to a multiplier 14A forming so 
a spreading part 14, wherein it is spectrum-spread by 
being multiplied by a short code SC S that is fed from a 
short code generator 13 s . The multiplied output is fur- 
ther fed to another multiplier 1 4B forming the spreading 
part 14, wherein it is again spectrum-spread by being ss 
multiplied by a long code SC L from a long code genera- 
tor 13 L . The chip periods of the short and long codes 
SC S and SC|_ are both Tq, and the short and long code 
generators 13 s and 13 L operate on a clock signal CK of 
a clock frequency 1/T C which is generated by a clock 40 
signal generator 17. A baseband modulated signal 
bspfn), which is the output from the multiplier 14B, is 
applied to a multiplier 19, wherein it is up-converted to 
the RF frequency band by being multiplied by a carrier 
signal CW from a carrier signal generator 18, and the 45 
multiplier output is amplified by a transmitting amplifier 
21, thereafter being sent as a transmitting modulated 
wave from an antenna 22. 

The short code SC S has a code period of the same 
length as that of the symbol period T s of the baseband so 
modulated signal b(n) as shown in Fig. 2 and spectrum- 
spreads respective symbols b(l), b(2) On the other 

hand, the long code SCt has a very long period T L cor- 
responding to tens or hundreds of symbol length and is 
used to randomize signals received from other cells (or 55 
zones). The long code is usually a long-term PN 
(Pseudo Noise) sequence, and the same cell is 
assigned the same long code and different cells differ- 
ent long codes. Since different long codes have very low 



correlation, they can be used to randomize received sig- 
nals from other cells. The short code generator 1 3 S has, 
for example, a well-known configuration which EXCLU- 
SIVE ORs outputs from at least two desired shift stages 
of a shift register and feeds the result of the exclusive 
ORing back to the input of the shift register. Letting the 
number of shift stages of the shift register be repre- 
sented by K, a (2 K -1)-chip pseudo noise code (PN 
code) which repeats itself with a (2 K -1)T C period can be 
generated by driving the shift register with a clock signal 
of a 1/T c -chip rata The long code generator 13 L can be 
identical in construction with the short code generator 
13 s , except that the number of shift stages K is suffi- 
ciently larger than that in the latter. 

In Rg. 3 there is shown in block form a prior art 
example of a receiver in the DS-CDMA system. Inciden- 
tally, the propagation is assumed to be a two-path 
Rayletgh fading model and, therefore, its operation will 
be described on the assumption that the received wave 
is based on a two-wave model consisting of a direct 
path and a delayed path. In the first place, the received 
wave arrives at an antenna 25. The received wave is 
amplified by a low-noise amplifier 26 and multiplied in a 
multiplier 28 by a carrier signal CW from a carrier signal 
generator 27, thereafter being fed to a low-pass filter 29. 
This operation or manipulation corresponds to down- 
converting, and the low-pass filter 29 outputs the 
spread-spectrum baseband modulated signal b^n), 
which is applied to an input terminal 3| N of a mult [path 
separating part 30. The spread-spectrum baseband 
modulated signal bsp(n) is branched by a hybrid circuit 
31 to two paths corresponding to the two propagation 
paths and input into despreading parts 32 1 and 32 2 . A 
multiplier 32A 1 forming the despreading part 32 1 multi- 
ples the spread baseband modulated signal b^n) by a 
short code SC S from a short code generator 33 s and 
provides the multiplied output to another multiplier 32 B 1 
forming the despreading part 32-,. The multiplier 32B 1 
further multiplies the input by a long code SC L from a 
long code generator 33 L and provides the multiplied 
output to an integrator 35 1t which accumulates the lat- 
est multiplied results of the same number as the chip 
number of the short code. In other words, the integrator 
35 1 acts just like a low-pass filter that outputs a mean 
value of a predetermined number of multiplied outputs. 
These operations corresponds to despreading. These 
spreading codes SC S and SC L have a high auto-corre- 
lation and no desired signal can be extracted without 
coincidence of their timing in transmission and recep- 
tion. The short code generator 33 s and the long code 
generator 33 L are driven by a clock signal CK of a clock 
frequency 1/T C which is generated by a clock signal 
generator 39. 

Assuming that the spreading codes SC S and SC|_ 
of the direct path coincide in timing with the spreading 
codes SC S and SC L produced by the short code gener- 
ator 33 s and the long code generator 33 L the integrator 
35 1 extracts a path component of the direct path, which 
is provided as a despread baseband modulated signal 
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b^n) to a terminal 3j. Similarly, a multiplier 32 A2 form- 
ing the despreading part 32 2 multiplies the spread 
baseband modulated signal b^n) by a. delayed short 
code SC S from a delay circuit 36s and provides the mul- 
tiplied output to another multiplier 32B2 forming the 5 
despreading part 32 2 . The multiplier 32 B2 further multi- 
plies the input multiplied output by a delayed long code 
from a delay circuit 36 L and provides the multiplied out- 
put to an integrator 352, which provides a despread 
baseband modulated signal t>2(n) to a terminal Zz- 10 
These operations correspond to despreading. When the 
spreading timing in the received delayed path of the 
short and long codes coincides with the timing of the 
delayed short and long codes SC S and SC L , a path 
component of the delayed path is extracted by the inte- 15 
grator 352 and provided as the despread baseband 
modulated signal bsfn) to the terminal 32 of the multip- 
ath separating part 30. 

The hybrid circuit 31, the spreading parts 32 t and 
32 2 , the integrators 35 1 , and 35^ the delay circuits 36s 20 
and 36 L , the short code generator 33 s and the long 
code generator 33 L constitute the multipath separating 
part 30. A diversity type detecting part 40 inputs there- 
into despread baseband modulated signal fcn(n) and 
b>2(n) for the respective propagation paths, provided 25 
from the integrators 35 1 and 352* then performs diver- 
sity detection and outputs the resulting digital signal 
s(m) to a terminal 41. A possible configuration of the 
diversity type detecting part 40 is one that combines 
input signals after differential detection and makes a so 
hard decision. 

The above receiver randomizes signals from other 
users using different short codes in the same cell 
wherein users share the long code SCi_, that is, rand- 
omizes interference signals, besides it randomizes mul- 35 
tipath components of a desired signal delayed by 
different time intervals. These randomized signals are 
added as noise to the despread baseband modulated 
signals bj(n) and b2(n), leading to an increase in the 
total amount of noise power. If the interference signal 40 
components could be canceled from the despread 
baseband modulated signal by providing the diversity 
type detecting part 40 with an interference canceling 
capability, an improved transmission characteristic 
could be obtained by suppressing the above-mentioned 45 
increase in the total amount of noise power. Since the 
long code has a high auto-correlation, however, multip- 
ath components are randomized by the long code when 
they are delayed even by one chip relative to signals 
from other users in the same cell assigned the same so 
long code and a signal of a desired signal; hence, these 
signal components cannot be canceled by the interfer- 
ence canceler. 

As another example of the DS-CDMA system that 
employs the short and long codes, it is described in, for ss 
example, U.S. Patent No 4,969,159, to use short and 
long codes of different chip rates. This is based on the 
premise that the receiver performs despreading by the 
short code through the use of a SAW filter. Since the 



scale of the SAW filter increases with the period length 
of the short code, it is customary in the art to cut the 
period length of the short code used to 1/8 the data bit 
period so as to decrease the scale of the SAW filter and 
reduce power consumption. At the same time, a long 
code of a period (15/8 times) longer than the data bit 
period is used to acquire a large spreading gain, in this 
system, the period of the long code is 15 times longer 
than the period of the short code and the chip period of 
the long code is set at 127 times the chip period of the 
short code. Since in this system the period of the long 
code is about twice the data bit period and the chip 
number of the long code is 1 5, appreciably smaller than 
the chip number 127 of the short code, the effect of ran- 
domization by the long code is lessened. Therefore, dif- 
ferent pairs of long and short codes of low cross 
correlation cannot be selected in numbers for each cell. 

SUMMARY OF THE INVENTION 

It is a first object of the present invention to provide 
a spread spectrum transmitter and receiver employing 
composite spreading codes to permit effective utiliza- 
tion of the multi-path received energy in the receiver and 
hence improve the bit error rate. 

A second object of the present invention is to pro- 
vide a spread spectrum transmitter and receiver 
employing composite spreading codes which attain the 
above-mentioned first object and keep spectral band- 
width of transmission waves with baseband signals of 
different transmission rates constant 

A third object of the present invention is to provide 
a spread spectrum receiver employing composite 
spreading codes which attains the above-mentioned 
first object and is capable of canceling interference sig- 
nals from other users. 

A fourth object of the present invention is to provide 
a spread spectrum receiver employing composite 
spreading codes which attains the above-mentioned 
first object and is robust against fading. 

According to a first aspect of the present invention, 
the spread spectrum transmitter of the above-men- 
tioned first object is implemented by a configuration in 
which a baseband modulated signal is spread by a 
short code and a long code with a longer chip period to 
obtain a spread baseband modulated signal and a car- 
rier signal is modulated by the spread baseband modu- 
lated signal in the transmitting part for transmission. 

According to a second aspect of the present inven- 
tion, the above-mentioned second object is attained by 
the spread spectrum transmitter of the first aspect which 
has a configuration in which the chip number of the 
short code by the short code generator is made variable 
depending an the transmission rate of the baseband 
modulated signal so that the code period coincides with 
the symbol period without changing the chip period of 
the short code. 

According to a third aspect of the present invention, 
the spread spectrum transmitter of the above-men- 
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tioned second object is implemented by a configuration 
in which: a demultiplexer, a plurality of modulators and a 
plurality of spreading parts are provided; an input signal 
is demultiplexed by the demultiplexer into one or more 
signal sequences with predetermined transmission 5 
rates; the signal sequences are spread by pairs of differ- 
ent short codes and a common long code in spreading 
parts respectively corresponding to the signal 
sequences to generate spread baseband modulated 
signals; the thus obtained spread baseband modulated 10 
signals are added together by an adder into a compos- 
ite signal for transmission from the transmitting part 

According to a fourth aspect of the present inven- 
tion, the receiver of the above-mentioned object is 
implemented by a configuration in which: a spread is 
baseband received signal is derived from the received 
wave in the receiving part; the spread baseband 
received signal is despread by a pair of a short code 
and a long code with a larger chip number in each of 
despreading parts, provided respectively corresponding 20 
to a predetermined number of mutti paths, at the timing 
corresponding to one of the multipaths in synchroniza- 
tion with a first clock signal and a second dock signal of 
a period N times longer than that of the former, thereby 
staining a despread signal corresponding to one of the 25 
multipaths; and such despread signals are diversity- 
detected in a diversity detecting part to obtain a 
detected digital signal. 

According to a fifth aspect of the present invention, 
the above-mentioned second object is attained by the 30 
receiver of the fourth aspect which has a configuration 
in which the chip number of the short code by the short 
code generator is made variable depending on the 
transmission rate of the baseband modulated signal so 
that the code period coincides with the symbol period 35 
without changing the chip period of the short code. 

According to a sixth aspect of the present invention, 
the spread spectrum receiver of the above-mentioned 
second object is implemented by a configuration in 
which the spread baseband received signal from the 40 
receiving part is despread in a plurality of mufti path sep- 
arating parts corresponding to multipath components by 
pairs of short codes different and a common long code 
to obtain baseband modulated signal of the multipath 
components; the thus obtained baseband modulated 45 
signals are diversity-detected in a plurality of diversity 
detecting parts to obtain detected digital signals; and 
the outputs from the diversity detecting parts are 
sequentially selected by a multiplexer in correspond- 
ence with the transmission rates to obtain a single so 
sequence of detected digital signals. 

According to a seventh aspect of the present inven- 
tion, the second spectrum receiver of the above-men- 
tioned third object is attained by the receivers of the 
fourth, fifth and sixth aspect which have a configuration 55 
in which each diversity detecting part has an interfer- 
ence canceler for each multipath component to cancel 
interference signals from other users. 



According to an eighth aspect of the present inven- 
tion, the spread spectrum receiver of the above-men- 
tioned fourth object is implemented by a configuration in 
which: a plurality of receiving parts each having an 
antenna are provided; spread baseband received sig- 
nals from the receiving parts are despread for each mul- 
tipath component by pairs of short and long codes to 
obtain baseband modulated signals; and the thus 
obtained baseband signals are diversity-detected in 
diversity detecting parts to obtain detected digital sig- 
nals. 

BRIEF DESCRIPTION OF THE DRAWING? 

Fig. 1 is a block diagram of a conventional DS- 
CDMA transmitter; 

Fig. 2 is a tinting chart showing the timing relations 
between the symbol length of a baseband modu- 
lated signal and short and long codes; 
Fig. 3 is a block diagram of a conventional DS- 
CDMA receiver; 

Fig. 4 is a block diagram illustrating an embodiment 
of the DS-CDMA transmitter according to the 
present invention; 

Fig. 5 is a timing chart showing the tinting relations 
between the symbol length of a baseband modu- 
lated signal and short and long codes in the present 
invention; 

Fig. 6 is a block diagram illustrating an embodiment 
of the DS-CDMA receiver according to the present 
invention; 

Fig. 7 is a power waveform diagram schematically 
showing respective path components of a signal 
that are detected by the receiver of the present 
invention; 

Fig. 8 is a block diagram showing an example of an 
interference canceler for use in the receiver of the 
present invention; 

Fig. 9 is a block diagram showing another example 
of the interference canceler for use in the receiver 
of the present invention; 

Fig. 1 0A is a block diagram shewing an example of 
a diversity detector for use in the receiver of the 
present invention; 

Fig. 1 0B is a block diagram showing another exam- 
ple of the diversity detector for use in the receiver of 
the present invention; 

Rg. 10C is a block diagram showing another exam- 
ple of the diversity detector for use in the receiver of 
the present invention; 

Rg. 11 is a block diagram illustrating an embodi- 
ment of the transmitter of the present invention 
which has a configuration capable of dealing with 
different transmission rates; 
Rg. 1 2 is a block diagram of a short code generator 
used in the Fig. 1 1 embodiment; 
Rg. 13 is a block diagram illustrating an embodi- 
ment of a receiver corresponding to the transmitter 
depicted in Fig. 11; 
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Fig. 14 is a block diagram illustrating another 
embodiment of the transmitter of the present inven- 
tion which has a configuration capable of dealing 
with different transmission rates; 
Fig. 15 is a block diagram illustrating an embodi- s 
ment of the receiver corresponding to the transmit- 
ter depicted in Fig. 14; 

Fig. 16 is a block diagram illustrating an embodi- 
ment of the receiver of the present invention which 
employs space diversity; 10 
Fig. 1 7 is a block diagram showing another example 
of a muttipalh separating part in each embodiment 
of the receiver of the present invention;. 
Fig. 18 is a block diagram showing the configuration 
of the muftipath separating part for use in the case 75 
of employing a correlator for despreading by the 
short code in each embodiment of the receiver of 
the present invention; 

Fig. 19 is a block diagram showing an example of 
the configuration of each correlator used in Fig. 18; 20 
Fig. 20 is a block diagram showing an example of a 
configuration which performs interference cancella- 
tion in a despreading part in the Fig. 18 embodi- 
ment; 

Fig. 21 is a block diagram showing another example 25 
oMhe configuration which performs interference 
cancellation in the despreading part in the Fig. 18 
embodiment; 

Fig. 22 is a block diagram showing still another 
example of the configuration which performs inter- 30 
ference cancellation in the despreading part in the 
fig. 18 embodiment; and 

Fig. 23 is a graph showing average error rates in 
the prior art and in the present invention. 

36 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In Fig. 4 there is illustrated in block form an embod- 
iment of the spread spectrum transmitter according to 40 
the present invention, in which the parts corresponding 
to those in Fig. 1 are identified by the same reference 
numerals. The digital signal s(m) is fed via the input ter- 
minal 11 into the transmitter, wherein the baseband 
modulator 12 uses the digital signal s(m) to generate 4s 
the baseband modulated signal b(n). The baseband 
modulated signal b(n) is applied to the multiplier 14A of 
the spreading part 14, wherein it is spectrum-spread 
through its multiplication by the short code SC S from the 
short code generator 13 s . The multiplied output is pro- so 
vided to the multiplier 14B of the spreading part 14, 
wherein it is further spectrum-spread by the long code 
SCl from the long code generator 13 L . The short code 
generator operates on the clock signal CK of the dock 
frequency 1/T C which is generated by the clock signal ss 
generator 1 7, and the chip period of the short code SC S 
isT c . 

As described previously in respect of Fig. 1, each 
symbol of the baseband modulated signal b(n) is multi- 



plied in the multiplier 14A by the short code SC S of the 
period T s over the entire length thereof as shown in Fig. 
5. Unlike in the prior art example of Fig. 1 , the long code 
generator 13L is driven by a frequency-divided clock 
signal (of a clock frequency 1/(NT C ), where N is an inte- 
ger equal to or greater than 2) obtained by frequency- 
dividing the clock signal of the clock frequency 1/T C 
from the clock signal generator 17 by a frequency 
divider 24 down to 1/N. Accordingly, the chip period T cu 
of the long code SC^ is NT C , which is longer than the 
chip period of the short code SC S . With such an 
extended chip period T CL of the long code, the auto-cor- 
relation of the long code becomes loose; namely, even 
if two identical long codes are relatively shifted by sev- 
eral chips of the short code (smaller than N), a relatively 
high correlation can be obtained. In particular, when the 
chip period NT C of the long code is set longer than the 
delay times of some typical delayed paths relative to the 
direct path in the propagation path, muftipath compo- 
nents of different delay times contained in the despread 
baseband modulated signal, obtained by despreading 
the received signal in the receiver, are not sufficiently 
randomized by despreading with the long code. That is 
to say, a correlation between the murtipath components 
of different delay times increases and these muftipath 
components can effectively be utilized as desired signal 
component energy by diversity detection. 

In the actual mobile radio communication system, 
delay times of delayed paths received at levels nonneg- 
ligible relative to that of the direct path (the delay time 
range for the path delayed behind the direct path) may 
be set at a maximum of 3 usee or so in urban areas and 
a maximum of 50 usee in mountainous areas. Accord- 
ingly, the delay time difference to be taken into account 
in the system ranges from 3 to 50 jisec, and it is suffi- 
cient to suitably select the chip period T CL =NT C of the 
long code in the range from 3 to 50 itsec. In practice, 
when the chip period T CL of the long code is longer than 
10 usee, the acquisition of synchronization for 
despreading by the long code in the receiver consumes 
too much time and, therefore, the chip period Tcl may 
preferably be set at about 3 usee, taking into considera- 
tion the maximum delay time in urban areas. The value 
N changes depending upon how the chip period T c of 
the short code is selected. For example, assuming that 
the short code has a chip number of 127 and a 1-|isec 
chip period TC, the long code a 3-jisec chip period 
TCL=NTC and the transmission signal a 127-jisec 
symbol period, N=3. 

Since in the above the present invention has been 
described as being applied to the case where the fre- 
quency divider 24 is used to obtain the long-code chip 
period T CL longer than the short-code chip period T c , 
the value N has been described to be an integer equal 
to or greater than 2, but the principle of the invention is 
based on the fact that the long-code chip period T CL is 
longer than the short-code chip period T c , so the value 
N is not limited specifically to an integer but needs only 
to be larger than 1. When the value N is not an integer, 
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the frequency divider 24 can be formed by, for example, 
a multiplier and a frequency divider circuit or demutti- 
plier. Setting j<k where j is an integer equal to or greater 
than 2 and k an integer equal to or greater than 3. the 
frequency divider 24 in the case of N=k/j can be consti- 
tuted, for instance, by multiplying the frequency of the 
clock signal CK with the multiplier to j times and then 
dividing it by a 1/k-frequency divider circuit down to 1/k. 
Since no multiplier is required when the value N is an 
integer, the system configuration could be simplified 
accordingly. Alternatively, the clock frequency of the 
clock signal generator 1 7 is set at j times higher than in 
the above-described embodiment and a 1 ^-frequency 
divider circuit and a 1/k-frequency divider circuit are pro- 
vided in the frequency divider 24. In this instance, the 
output obtained by frequency-dividing the clock signal 
from the dock signal generator 1 7 down to 1/j is applied 
as the clock signal to the short code generator 1 3 S , and 
the output obtained by frequency-dividing the dock sig- 
nal down to 1/k is applied as the dock signal to the long 
code generator 13 L . It is preferable that the value N is 
large, but as the value N increases, the time of one 
period of the long code becomes longer and the time for 
the acquisition of synchronization also becomes longer; 
hence, in the case of generating the PN code as the 
long code by, for example, a 15-stage shift register and 
an exdusive-OR drcuit, the upper limit of the value N is 
about 8 from the practical point of view. 

The carrier signal generator 18, the multiplier 19, 
the amplifier 21 and the antenna 22 constitute a trans- 
mitting part 15. The afore-mentioned spread spectrum 
baseband modulated signal b^n) is up-converted by 
the multiplier 1 9 with the carrier signal CW from the car- 
rier signal generator 18, then amplified by the transmit- 
ting amplifier 21 and transmitted as a transmission 
modulated wave from the antenna 22. 

A description will be given, with reference to Fig. 6, 
of an embodiment of the spread spectrum receiver of 
the present invention, in which the parts corresponding 
to those in Fig. 3 are identified by the same reference 
numerals. The operation of the receiver will be 
described on the assumption that the received wave is 
based on a two-path model composed of a direct path 
and a delayed path. In the first place, the transmitted 
wave is received by the antenna 25. The received wave 
is amplified by the low-noise amplifier 26 and multiplied 
by the carrier signal CW from the carrier signal genera- 
tor 27, thereafter being input into the low-pass filter 29. 
This operation corresponds to down-converting, and the 
low-pass filter 29 outputs the spread baseband received 
signal bep(n). The antenna 25, the amplifier 26, the car- 
rier signal generator 27, the multiplier 28 and the low- 
pass filter 29 form a receiving part 20. 

The spread baseband received signal b^n) is 
branched by the hybrid drcuit 31 to despreading paths 
corresponding to the direct path and the delayed path , 
and fed to the despreading parts 32 1 and 32 2 , respec- 
tively. The multiplier 32A t of the despreading part 32 1 
multiplies the spread baseband received signal b sp (n) 



by the short code SC S from the short code generator 
33 s and applies the multiplied result to the other multi- 
plier 32B-I of the despreading part 32^ The multiplier 
32B 1 further multiplies the multiplied result by the long 

5 code SCl from the long code generator 33 L to obtain 
the despread baseband modulated signal bjfn), which 
is applied to the integrator 35^ The integrator 35j out- 
puts an accumulated value of a series of latest multi- 
plied results of the same number as the chip number of 

10 the short code. Incidentally, the short code generator 
33 s and the long code generator 33 L are identical in 
configuration with the counterparts 13 s and 13 L in the 
transmitter shown in Fig. 4 and generate the same short 
and long codes SCs and SCl as those in Pig. 4. Further, 

is as is the case with Fig. 4, the long code generator 33 L is 
driven by a frequency-divided dock signal CKl (of a 
dock frequency 1/(NT C ), where N is an integer equal to 
or greater than 2) obtained by frequency-dividing the 
dock signal of the frequency 1/T C from the dock gener- 

20 ator 39 by a frequency divider drcuit 37 down to 1/N, 
and the chip period of the long code SCl « NT C . The 
operations of the multipliers 32 A 1 and 32B 1 and the 
integrator 35 1 mentioned above correspond to 
despreading. The spreading codes SC$ and SCl nave 

25 so high an auto-correlation that the extracted signal 
level drops sharp due to even a slight difference in tim- 
ing between the spreading codes in the transmission 
and reception. 

Assuming that the spreading timing of the short and 

30 long codes SC S and SCl ' n the direct path coincides 
with the timing of the short and long codes SC S and 
SC L which are provided from the short code generator 
33 s and the long code generator 33 L , respectively, the 
path component of the direct path is extracted by the 

35 integrator 35j and output therefrom as the despread 
baseband modulated signal bi(n). Similarly, the multi- 
plier 32A2 of the despreading part 32 2 multiplies the 
spread baseband received signal b sp (n) by the delayed 
short code SC S from the delay drcuit 36$ and provides 

40 the multiplied result to the other multiplier 32 B2. The 
multiplier 32B2 further multiplies the multiplied result by 
the delayed long code SCl from the delay drcuit 36l to 
obtain the despread baseband modulated signal b2(n), 
which is output via the integrator 35a serving as a low- 

45 pass filter. This operation corresponds to despreading. 
In the delay drcuits 36S and 36L there are set the delay 
times (the same value) of the delayed path relative to 
the direct path. The delay time is estimated by search- 
ing for the peak of the power of the despread baseband 

so modulated signal. Supposing that the spreading timing 
by the short and long codes in the delayed path coin- 
cides with the timing of the delayed short and long 
codes SCs and SCl, tne path component of the delayed 
path is extracted by the integrator 352 and output as the 

55 despread baseband modulated signal bsfn). The hybrid 
drcuit 31 , the despreading parts 32 1 and 32 2 , the inte- 
grators 35 1 and 352, the delay drcuits 36s and 36l, the 
short code generator 33 s and the long code generator 
33 1 form the multipath separating part 30. 
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The short code SC S has a email chip number (tens 
to hundreds, for instance), and hence its auto-correla- 
tion is appreciably duller than that of the long code SQ.. 
On this account, two identical short codes of different 
phases have a relatively high auto-correlation and the s 
output from the multiplier 32 A-,, despread by the short 
code SC S in synchronization with the direct path, con- 
tains the despread baseband signal component of the 
delayed path to some extent Likewise, the output from 
the multiplier 32A2, despread by the short code SC S in 10 
synchronization with the delayed path, contains the 
despread baseband signal component of the direct path 
to some extent. Moreover, the despread baseband 
modulated signal of the direct path could be obtained by 
multiplying the long code SC L at correct timing in the 75 
multiplier 32B 1f but according to the present invention, 
since the chip period T CL of the long code is made 
longer than the delay time of the delayed path, the long 
code is correlated with that of the delayed path as well 
and the output from tile multiplier 323^ contains the 20 
despread signal component of the delayed path as well 
as the despread baseband modulated signal of the 
direct path. Likewise, the despread output from the mul- 
tiplier 32B2 contains the despread baseband modulated 
signal of the delayed path and the despread baseband 2s 
modulated signal component of the direct path. Conse- 
quently, when the correlation of the fading complex 
envelope between the direct path and the delayed path 
is 1, the output from the integrator 35^ contains a 
despread baseband modulates signal S1 of the direct 30 
path and a despread baseband modulated signal com- 
ponent s2 of the delayed path delayed behind it by a 
time A as schematically shown in Fig. 7- Row A. 

In Fig. 7A. waveforms of these two components are 
shown with respect to the level 0 so as to make a dis- 35 
tinction between their power levels P1 and p2, but in the 
same symbol period these two signals originally corre- 
spond to the same symbol of the same baseband mod- 
ulated signal b(n) and the integrator 35 1 provides at its 
output a composite signal waveform of a level Pl+p2 40 
obtained by combining these two components as shown 
in Fig. 7-Row C, for instance. The definite symbol period 
of this composite signal waveform is (T s -A) and adja- 
cent symbol periods are separated by an indefinite 
period of a width A. Similarly, the output from the irrte- 45 
grator 352 contains a despread baseband modulated 
signal S2 of the delayed path and a despread baseband 
modulates signal component s1 of the direct path as 
depicted in Fig. 7-Row B. Setting their power levels be 
represented by P2 and p1, respectively, the composite so 
waveform at the output of the integrator 352 nas a power 
level P2*p1 in the symbol period (T s-A) as shown in Fig. 
7-Row D. Thus, in either of the despreading route corre- 
sponding to the direct path and the despreading route 
corresponding to the delayed path, the despread base- 55 
band modulated signal is added with the despread 
baseband signal component of the other path and the 
SN ratio is improved accordingly in the symbol period 
(T s -A). Hence, the decision error rate could be reduced 



by making a signal decision in the symbol period (T s -A). 
In practice, since the delay time difference A is very 
small as compared with the symbol period T s (the sym- 
bol period T s of the transmission signal being selected 
so), it is possible to make effective use of received sig- 
nal energies of the both direct and delayed path for 
detecting the baseband signal by performing diversity 
detection in the diversity detecting part 40 in disregard 
of the indefinite periods A in the despread baseband 
composite signals provided from the integrators 35 t and 
352. 

In contrast to the invention described above with 
reference to Figs. 4 and 6, according to the conventional 
DS-CDMA system shown in Figs. 1 and 3, the integrator 
35i and 35g of the receiver in Fig. 3 provide at their out- 
puts only the direct-path despread baseband modulated 
signal S1 of the level PI and the delayed-path despread 
baseband modulated signal S2 of the level P2 depicted 
in Fig. 7- Rows A and B; namely, neither of the integrator 
outputs contains the other path component s2 or s1 
based on such a cross correlation as used in the 
present invention. These components are rather rand- 
omized and added as noise to the despread baseband 
modulated signals S1 and S2. Thus the present inven- 
tion materially improves the SN ratio of the despread 
baseband modulated signal as compared with the con- 
ventional system shown in Figs. 1 and 3. In the receiver 
described in U.S. Patent 4,969,159 mentioned previ- 
ously herein, only the composite signal in Fig. 7-Row C 
is differential-detected but no diversity detection is 
made, hence there is no effective use of the delayed 
path relative to the direct path. 

In the receiver of the Fig. 6 embodiment the out- 
puts from the integrators 35i and 352 are linearly com- 
bined in the diversity detecting part 40, by which the 
digital signal s(m) is detected, from which it is output to 
the terminal 41. In the Fig. 6 embodiment, prior to the 
diversity detection in the diversity detecting part 40, the 
integrator outputs are fed to interference cancelers 42 1 
and 42 2 for cancellation of interference signals attribut- 
able to the correlation between short codes assigned to 
other users in the same cell and the short code SCs 
used for the desired signal. 

The diversity detecting part 40 in this embodiment 
is made up of the interference cancelers 42 1 and 422 
and a diversity type detector 43. The interference can- 
celers 42 1 and 42 2 are supplied with the despread 
baseband modulated signals bj(n) and b2(n) from the 
integrators 35i and 352, respectively, and cancel the 
interference signal components of other users con- 
tained in the despread baseband modulated signals. 
Since the muJtipath components of different delay times 
contained in the despread baseband modulated signals 
from the spreading part 32-, (322) of each route have a 
correlation with respect to the long code as referred to 
previously, the murtipath component of the desired sig- 
nal is also detected. The interference cancelers 42 1 and 
42 2 are used to cancel the interference signal compo- 
nents contained in the respective path components that 
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arise from the correlation between the short codes of 
the desired signal other users. The interference cancel- 
ers 42-1 and 42 2 can each be formed by a simple config- 
uration of the type linearly combining the input signal, 
but other configurations can also be employed. The s 
diversity type detector 43 receives the interference-can- 
celed baseband modulated signals from the interfer- 
ence cancel ers 42 1 and 42 2 , then makes a signal 
decision and outputs the decision signal to the terminal 
41. A description will be given of specific operative w 
examples of the interference cancelers 42 1 and 42 2 and 
the diversity type detector 43. 

Fig. 8 illustrates an example of the interference can- 
celer 42 1 (the other interference canceler 42 2 being not 
shown because it is identical in construction with the is 
cancel or 42 t ) through utilization of an interference can- 
celer described in Lxtpa R. and S. Verdu, "Linear multi- 
user detectors for synchronous Code-Division Multiple- 
Access channels", IEEE Trans. Inform Theory., vol. IT- 
35, Na 1, pp.123-136, Jan. 1989. In Rg. 8, the 20 
despread baseband modulated signal b^n) from the 
terminal 3<f is applied to matching filters 42A 2 to 42A4, 
wherein it is correlated with short codes SCs2> SCs3 
and SCs4 of other users. Since the signal bj (n) provided 
to the terminal 3-f is the baseband modulated signal 25 
already despread by the short code SC S for the desired 
signal, the multiplier 42Bj is supplied with the despread 
baseband modulated signal b 1 (n) intact, but other multi- 
pliers 42B2 to 42 B 4 are supplied with correlated outputs 
from the matching filters 42A2, 42A3 and 42 A4 wherein 30 
the despread baseband modulated signal b1(n) is cor- 
related with the short codes SCs2, SC S3 **** SC S4 °* 
other users, in this embodiment however, the matching 
filter 42 A 2 is composed of an inverse f flter 4A1 2 and a 
correlator 4A2 2 with the short code of other user. The 35 
characteristic of the inverse filter 4A1 2 is determined so 
that composite characteristic of the despreading by the 
short code in the preceding stage and the matching fil- 
ter constitute a filter equivalent to the matching filter 
which outputs the correlation of the short code SCS2 of 40 
other user with the baseband received signal when no 
despreading is done in the multiplier 32A 1 in Rg. 6. In 
practice, the inverse filter 4A1 2 is formed by a spreader 
which spreads the despread baseband modulated sig- 
nal b-|(n) from the terminal 3 1 by multiplying it by the 45 
short code SCS from the short code generator 33 s in 
Rg. 6. The matching fitters 42A 3 and 42A4 are also 
identical in construction with that 42A 2 and outputs the 
correlations between the short codes SC$ 3 and SCs4 of 
other users, and the despread baseband modulated so 
signal b^n) when no despreading is done in the multi- 
plier 32Ai in Rg. 6, respectively. 

The despread baseband modulated signal bi(n) 
from the terminal 3-t contains an interference signal 
component of other user as well as the desired signal, ss 
Since this interference signal component can be 
expressed as a linear coupling or combination of the 
output signals from the matching fitters 42A 2 to 42A4, an 
interference signal could be prevented from being con- 



tained in the composite signal that is the output from an 
adder 42D, by adjusting or controlling weighting coeffi- 
cients or factors w-j to w 4 by which the signal fed directly 
from the terminal 3^ and the outputs from the matching 
filters 42A2 to 42A4 are multiplied in the multipliers 42B 1 
to 42B4, respectively. This mathematically corresponds 
to the extraction of a component orthogonal to the inter- 
ference signal as the despreading signal of the desired 
signal. In the interference canceler of such an opera- 
tion, a weighting factor control part 42C calculates an 
inverse matrix of a correlation matrix of the spreading 
codes on the basis of information about the spreading 
codes and receiving timing of users and outputs specific 
or particular elements of the inverse matrix as weighting 
factors w-j to w 4 . 

The interference canceler of Rg. 8 requires infor- 
mation about short codes and receiving timing of all 
users for its operation. In Rg. 9 there is illustrated an 
example of an interference cancel which has solved this 
problem. This canceler utilizes what is disclosed in 
ICFukawa and H.Suzuki, "Orthogonal izing Matched Rl- 
ter (OMF) Detection for DS-CDMA Mobile Radio Sys- 
tems," IEEE Gfobecom 1994, pp.385-389, Nov. 1994. 
As is the case with Rg. 8, the interference canceler of 
Rg. 9 also comprises the matching filters 42 A 2 to 42 A4, 
the multipliers 42B 1 to 42B 4 . the adder 42D and the 
weighting factor control part 42C, and the matching fil- 
ters 42 A 2 to 42A 4 are also identical in construction with 
the counterparts in Rg. 8. In this embodiment, however, 
the short codes SCs2. SCs3 and SCs4 which are pro- 
vided to the correlators of the respective matching fitters 
need not be spreading codes of other users but the 
short codes need only to be orthogonal to the short 
code SCs of the desired signal and to one another. The 
multipliers 42B 1 to 42 B 4 multiply the despread base- 
band modulated signals from the terminal 3 1 and the 
matching filters 42A 2 to 42 A 4 by the weighting factors 
w 1 to w 4 , and the multiplied outputs are added by the 
adder 42D into a composite signal, which is provided to 
the terminal 4-j . Based on the correlated output from the 
matching filters 42A 2 to 42 A 4 , the despread baseband 
modulated signal from the terminal 3^ and the compos- 
ite signal from the adder 42D, the weighting factor con- 
trol part 42C calculates and outputs the weighting 
factors w 1 to w 4 by an algorithm which minimizes the 
mean power of the composite signal from the adder 42D 
under the constraint of the weighting factors. 

Next, a description will be given, with reference to 
Rgs. 10A, 10B and 10C, of examples of the diversity 
detector 43 in the receiver of Rg. 6. While two input ter- 
minals are shown to be connected to the terminals 3 1 
and 32 in Rg. 6, they may be connected to the terminals 
4 1 and 4^ 

Rg. 10A illustrates an example of the diversity 
detector 43 of the type utilizing the differentia! detection 
scheme and is cfisdosed in John Q. Proaks, "Digital 
Communications," 2nd edition, p. 738. In this example, 
the despread baseband modulated signals b^n) and 
bg(n) input via terminals 3, and 3 2 , respectively, and 
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signals obtained by delaying these signals in delay 
stages 43Aj and 43 A2 for one symbol time T s and then 
subjecting the delayed outputs to complex conjugate 
operations denoted by ( )*in complex conjugate operat- 
ing parts 43B 1 and 43 B2 are multiplied by multipliers 
43C 1 and 43C2. respectively, by which the differential 
detection is carried out The group consisting of the 
delay stage 43A 1t the operating part 43B 1 and the mul- 
tiplier 43Ci forms a differential detection circuit, and the 
group consisting of the delay stage 43A2, the operating 
part 43 B 2 and the multiplier 43C? also forms another 
differential detection circuit The multiplied outputs from 
the multipliers 43C 1 and 43 C2 are added by an adder 
43D, then the added output is input into a decision part 
43E, which makes a signal decision by the hard deci- 
sion and provides the decision result s(m) to an output 
terminal 41 . 

Fig. 10B illustrates an example of the diversity 
detector 43 which employs the coherent or synchronous 
detection scheme, and this is described in H. Suzuki, 
"Signal Transmission Characteristics of Diversity 
Reception with Least Squares Combining," Transac- 
tions of the Institute of Electronics, Information and 
Communication engineers, B-ll, Vol. J75-B-II, No. 8, 
pp.524-534, August 1992. In this example, thedespread 
baseband modulated signals b^n) and b2<n) input via 
the terminals 3 1 and 3 2 are multiplied in multipliers 43Fj 
and 43F 2 by estimated earner synchronization signals 
SY 1 and SY 2 from a control part 43Q to obtain signals 
synchronized with the carrier phases. The multiplied 
output signals are added together by the adder 430 and 
the adder output is applied to the decision part 43E. The 
decision part 43E makes a signal decision by the hard 
decision and provides the decision result s(m) to the ter- 
minal 41. A subtracter 43H outputs, as an estimation 
error signal, the difference between the input to and out- 
put from the decision part 43E. The control part 43G 
receives the estimation error signal from the subtracter 
43H and the despread signals b^n) and b2(n) from the 
input terminals 3j and 32 and estimates and outputs the 
afore-mentioned estimated carrier synchronization sig- 
nals SY 1 and SY 2 so that the square of the absolute val- 
ues of the estimation errors may be minimized. 

Fig. 10C illustrates an example of the diversity 
detector 43 which employs a predictive coherent detec- 
tion scheme, and this is disclosed in Fukawa and 
Suzuki, "A RAKE Receiver with Interference Canceler 
for Mobile Radio Communications," Technical Report of 
IEICE, RCS93-51, September 1993. In this example, 
branch metric generating parts and 43M 2 are pro- 
vided in the despreading routes corresponding to the 
direct and delayed paths, respectively, and the branch 
metric generating parts 43 M 1 and 43M 2 receive the 
despread baseband modulated signals bi(n) and fc^n), 
respectively, and further receive, in common, a symbol 
sequence candidate from a maximum likelihood 
sequence estimating part 43K and output likelihood 
information signals. The adder 43D adds the likelihood 
information signals and applies the added output to the 



maximum likelihood sequence estimating part 43K. The 
maximum likelihood sequence estimating part 43K cal- 
culates a logarithmic likelihood function on the basis of 
the added value input thereto, then selects by the Viterbi 

5 algorithm a symbol sequence candidate which maxi- 
mizes the logarithmic likelihood function and outputs the 
selected symbol sequence as the digital signal s(m) to 
the terminal 41. 

In the DS-CDMA system the transmission symbol 

10 period (the symbol length) T s and the short code period 
(the code length) are selected so that they coincide with 
each other; hence, in the case of changing the bit rate of 
the digital signal s(m) to be transmitted in the transmitter 
of the Fig. 4 embodiment, the frequency of the clock sig- 

15 nal CK by the clock generator 1 7 must be changed cor- 
respondingly. In such an instance, the chip rates of the 
short and long codes SC S and SC L to be generated 
also change and the spectral bandwidth of the spread 
baseband modulated signal b^n), which is the output 

20 from the multiplier 14B, changes, with the result that the 
bandwidth of the transmission wave to be sent from the 
antenna 22 also changes accordingly. In the actual DS- 
CDMA communication system, however, it is not prefer- 
able that the spectral bandwidth of the communication 

25 channel used, defined by each short code, undergoes 
variations. Next, a description will be given, with refer- 
ence to Fig. 1 1 , of a receiver improved from that of Fig. 
4 so that the spectral bandwidth of the transmission 
wave can be held substantially constant with respect to 

30 any of a plurality of predetermined bit rates of the input 
digital signal. In Fig. 13 there is illustrates an embodi- 
ment of the receiver corresponding to the improved 
transmitter. 

Fig. 11 illustrates a modified form of the Fig. 4 

35 embodiment, in which the chip numbers K of the short 
and long codes by the short and long code generators 
13s and 13 L are made variable in accordance with the 
bit rate of the input digital signal s(m) and the short code 
generator 13 s is controlled according to the transmis- 

40 sion rate set in a select signal generating part 23 to gen- 
erate a short code whose period coincides with the 
symbol period T s of the baseband modulated signal 
b(n) modulated from the input signal. An example of the 
configuration of the short code generator 13 S in this 

45 case is shown in Fig. 12. 

In the case of using the PN sequence as the short 
code, the short code generator 13 s is provided with a 
shift register 13S which is driven by the clock signal CK 
as is well-known and an exclusive-OR circuit 13X as 

50 depicted in Fig. 1 2. By applying the outputs from at least 
two shift stages of the shift register 13S to the exclusive- 
OR circuit 13X and feeding its EXCLUSIVE ORed out- 
put back to the first stage of the shift register 13S, the 
spreading code can be repeatedly generated from any 

55 given input/output point of the shift register 13S. This 
embodiment is configured so that the outputs from three 
successive shift stages are selectively applied, as one 
input, to the exclusive-OR circuit 13X in accordance 
with the bit rate of the input digital signal s(m). For 
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example, the number K of shift stages of the shift regis- 
ter 13S is set at 7 and either one of the exclusive-OR of 
the outputs from the second, fourth and fifth shift stages 
by another exclusive-OR circuit 13X 2 and the outputs 
from the sixth and seventh shift registers are selected s 
by a switch 13C. The exclusive-OR circuits 13X and 
13X 2 and the switch 13C constitute a selective exclu- 
sive-OR circuit which selects one of the exclusive-ORs 
of a plurality of shift stages of the shift register 13S. 
When the output from the exclusive-OR circuit 1 3X 2 and w 
the outputs from the sixth and seventh shift stages are 
respectively selected by the switch 13C, the spreading 
code generator 13 repeatedly generates codes having 
chip numbers of 2 5 -1=31, 2 6 -1=63 and 2 7 -1=127, 
respectively. Hence, when the frequency 1/T C of the 1$ 
clock signal CK used is held constant, it is also possible 
to predetermine transmission rates of input signals so 
that the symbol periods of such chip numbers respec- 
tively coincide with code repetition periods of the 
lengths corresponding to the chip numbers. Since these 20 
code lengths bear such a relationship that they are each 
about twice longer than the immediately preceding one, 
the symbol lengths of input signals can be selected cor- 
respondingly. 

Assume that the frequency of the clock signal CK is 2s 
1 .0 MHz and hence the chip period T c of the short code 
is 1 jisec. When selecting the exclusive-OR circuit 13X 2 
and the sixth and seventh shift stages are respectively 
selected by the switch 13C, the periods T s of the codes 
whose chip numbers are 31 , 63 and 127, generated by so 
the short code generator 13s, are 31 usee, 63 jxsec and 
127 usee, respectively. When the modulation system of 
the baseband modulator 12 is BPSK, the input bit rate 
and the modulated symbol rate are the same and the 
transmission rates of input digital signals are 32.26 35 
Kbits/sec, 15.87 Kbits/sec and 7.87 Kbits/sec in corre- 
spondence with the short codes of such chip numbers. 
Since these values do not bear the integral-multiple 
relation, such transmission rates are not suitable for use 
in the actual communication system. To permit a selec- 40 
tion of practical transmission rates such as 32 Kbits/sec 
64 Kbits/sec and 128 Kbits/sec, a counter 13 A, a 
decoder 13D and an AND circuit 13B, for instance, are 
provided as depicted in Fig. 12 and the clock signal CK 
is provided via the AND circuit 1 3B to a drive terminal of 45 
the shift register 1 3S while at the same time it is fed to 
the counter 13 A. 

In accordance with the transmission rate, any one 
of the chip numbers 2 5 , 2 6 and 2 7 is selectively set in the 
decoder 13D by the select signal generator 23, and so 
when the count value of the counter 13A reaches the 
value set in the decoder 13D, the decoder 13D outputs 
and applies a coincidence signal "1" to the exclusive- 
OR circuit 1 3B to inhibit the passage therethrough of the 
clock signal and resets the counter 1 3 A. As a result, the ss 
output from the decoder 13D goes to "0," releasing the 
AND circuit 13B from the inhibited state and hence per- 
mitting the passage therethrough of the clock signal CK. 
Since the supply of the clock signal to the shift register 



13S is thus inhibited by one clock period every 2 5 th, 
2% or 2 7 th clock, the chip value of the output from the 
short code generator 13$ at that point in time holds the 
immediately preceding state. Thus, this is equivalent to 
the generation of the short code of the chip number 2® 
2 6 or 2 7 by the selection with the switch 1 3C in the short 
code generator of Fig, 12. Since these chip numbers 
bear the integral-multiple relation to one another, the 
transmission rates of the input digital signal s(m) can 
also be selected to bear such an integral-multiple rela- 
tion such as 128 Kbits/sec 64 Kbits/sec and 32 
Kbits/sec. In this example, the frequency 1/T C of the 
clock signal CW needs only to be set at 4.096 MHz. 
Since the clock frequency can be held constant even if 
the transmission rate changes as mentioned above, the 
chip period T c of the short code is also constant and the 
spectral bandwidth of the transmission wave is also 
constant. 

The long code generator 13 L can also be config- 
ured in the same manner as the short code generator 
13 s shown in Fig. 12. In such an instance, however, the 
total number K of stages of the shift register is larger 
than the number K of the shift stages in the short code 
generator 13 s ; it is set to K=15, for example. Alterna- 
tively, the long code generator 13 L may be designed to 
generate long codes of the same chip number irrespec- 
tive of the transmission rate as in the case of Fig. 4. 

Fig. 13 illustrates in block form an embodiment of 
the receiver for use in combination with the transmitter 
of Fig. 11. This embodiment is identical in construction 
with the Fig. 6 embodiment except that the short and 
long code generators 33 s and 33 L each have the same 
configuration as described above in respect of Fig. 12 
and that a select signal generator 38 is used to change 
the chip number without changing the chip period 
lengths of the spreading codes from the short and long 
code generators 33S and 33 L in accordance with the 
symbol rate of the received signal. 

In the embodiments of Figs. 1 1 and 13. the spectral 
bandwidth of the transmission signal is held constant by 
changing the lengths (chip numbers) of the short and 
long codes according to the bit rate (or symbol rate) of 
the transmission signal. In Fig. 14 there is illustrated in 
block form an embodiment of a transmitter in which the 
digital signal s(m) to be transmitted is distributed to a 
plurality of signal sequences of fixed bit rates in accord- 
ance with the bit rate of the digital signal itself, then 
spread by different short codes and combined into a 
composite signal to thereby keep the spectral band- 
width of the transmission signal unchanged. Fig. 15 
illustrates in block form an embodiment of a receiver for 
use in combination with the transmitter of Fig. 14. 

In Fig. 14 the parts corresponding to those in Fig. 4 
are identified by the same reference numerals. In the 
illustrated transmitter, a plurality of sets of a baseband 
modulator for the input digital signal of a fixed bit rate, a 
short code generator for generating the short code and 
a multiplier for multiplying the baseband modulated sig- 
nal by the short code, and bits of the input digital signal 
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s(m) are distributed by a demuttipiexer 1 6 to the respec- 
tive sets in accordance with the bit rate of the input dig- 
ital signal so that respective signal sequences each 
have a predetermined bit rate. The Fig. 14 embodiment 
includes: the demultiplexer 16 for sequentially distribut- s 
ing the bits of the input digital signal s(m) to a desired 
number of sequences; four baseband modulators 1 2 1 to 
12 4 , short code generators 13 S 1 to 13s4 for generating 
different short codes SC S1> SC S 2. SCs3 and SCs4 hav- 
ing the same chip numbers, respectively; multipliers 10 
1 4 A 1 to 1 4 A4 for multiplying the modulated outputs from 
the baseband modulators 12 1 to 12 4 by the short codes; 
and an adder 20 for adding together the outputs from 
the multipliers 14A t to 14A 4 . The short code generators 
13 S 1 to 13s4 each generate a different short code with 75 
the same chip period and chip number as those of the 
short codes by the other short code generators in syn- 
chronization with the clock signal CK from the clock 
generator 17. Further, as is the case with the Fig. 4 
embodiment this transmitter has the clock generator 20 
17, the 1/N frequency divider circuit 24, the long code 
generator 13 L , the multiplier 14B for multiplying the out- 
put from the adder 20 by the long code, the carrier sig- 
nal generator 18, the multiplier 19 for modulating the 
carrier signal CW by the baseband modulated signal 2s 
bgp(n) spread by the long code, the transmitting ampli- 
fier 21 and the antenna 22. 

The bit rate of the input digital signal s(m) to the 
demultiplexer 16 is set to any one of 8 Kbits/sec, 16 
Kbits/sec and 32 Kbits/sec, for instance. When the bit 30 
rate of the input digital signal s(m) is 8 Kbits/sec, the 
demultiplexer 16 supplies the bit string of the input dig- 
ital signal s(m) intact to a predetermined one of the 
baseband modulators 12-, to 12 4 (I2 1f for example), 
then the thus obtained baseband modulated signal is 3S 
spread in the multiplier 14A-, by the short code SCsi, 
and the resulting spread baseband modulated signal is 
fed via the adder 20 to the multiplier 14B. When the 
input digital signal s(m) has the bit rate of 16 Kbits/sec, 
the demultiplexer 16 distributes the bits of the input dig- 40 
Hal signal s(m) to predetermined two of the baseband 
modulators 12 1 to 12 4 (12-, and 12 2 , for example) alter- 
nately with each other, then two sequences of base- 
band modulated signals thus obtained are spread by 
the short codes SC S1 and SC S2 in the multipliers 14A1 45 
and 14A2, respectively, and the resulting spread base- 
band modulated signals are added together by the 
adder 20, whose added output is fed to the multiplier 
14B. When the input digital signal s(m) has the bit rate 
of 32 Kbits /sec, the demultiplexer 1 6 distributes the bits so 
of the input signal s(m) to the baseband modulators 12 1 
to 12 4 in a repeating cyclic order, then four sequences 
of baseband modulated signals are spread by the short 
codes SC S1 to SC^ in the multipliers 14A 1 to 14A* 
respectively, and the resulting spread baseband modu- 55 
lated signals are added together by the adder 20, 
whose added output is fed to the multiplier 14B. 

Thereafter, as in the transmitter of Fig. 4, the multi- 
plier 14B further spreads the input spread baseband 



modulated signal by the long code SC|_ and the result- 
ing spread output b 8p (n) is used to modulate the carrier 
CW, which is sent via the antenna 22. Also in this 
embodiment the clock signal for driving the long code 
generator 13 L is obtained by frequency-dividing the 
clock signal CK (of the period T c ) for the short code 
generators 13 S1 to 13^ by the 1/N frequency divider 17 
down to 1/N so that the chip period NT C of the long code 
becomes longer than the delay time of the delayed path 
of nonnegligible power relative to the direct path in the 
propagation path. 

Fig. 15 illustrates in block form an embodiment of 
the receiver corresponding to the transmitter of the Fig. 
14 embodiment. In this embodiment there are provided 
four multipath separating parts 30-, to 30 4 correspond- 
ing to four different short codes. Since the multipath 
separating parts 30j to 30 4 are identical in construction, 
only the multipath separating part 30-, is shown. As in 
the case of Fig. 6. the multipath separating part 30-, has, 
in the one despreading route corresponding to the direct 
path, the multiplier 32A 1 for despreading the baseband 
received signal by the short code, the multiplier 32B 1 for 
further despreading the despread baseband received 
signal from the multiplier 32A-, by the long code and the 
integrator 35-, and, in the other despreading route corre- 
sponding to the delayed path, the multiplier 32Ag for 
despreading the spread baseband received signal by 
the short code, the multiplier 32Bg for further despread- 
ing the despread baseband received signal from the 
multiplier 32Ag by the long code and the integrator 35g. 
The multipath separating part 30-, further includes the 
short code generator 33 s for generating the short code 
and the delay circuits 36 s and 36 L for delaying the short 
code and the long code by the delay time of the delay 
path relative to the direct path. Since the four multipath 
separating parts 30 1 to 30 4 use the same long code 
SC|_, however, there is provided one common long code 
generator 3\ for providing the same long code SC|_ to 
the four multipath separating parts 30 1 to 30 4 . 

The short code generators of the multipath separat- 
ing parts 30-, to 30 4 generate the same short codes as 
those generated by the corresponding short code gen- 
erators 13 S i to 13s4 in the transmitter of Fig. 14. More- 
over, the pairs of despread baseband modulated 
signals corresponding to the direct and delayed paths, 
generated by the multipath separating parts 13S 1 to 
13S 4 , are each fed to the corresponding one of the 
diversity type detecting parts 40i to 40 4 for diversity 
detection, and the detected outputs are provided to a 
multiplexer 44. A select signal generating part 45 
applies a select signal to the multiplexer 44 in accord- 
ance with the transmission rate of the received signal so 
that the multiplexer 44 applies therethrough the output 
from the detecting part 40<i intact to the terminal 41 in 
the case of 8 Kbits/sec, selects the outputs from the 
detecting part 40 1 and 40 2 alternately for each bit and 
applies them as a single sequence to the terminal 41 in 
the case of 16 Kbits/sec, and selects the outputs from 
all the detecting parts AO A to 40 4 in a repeating cyclic 
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order for each bit and applies them as a single 
sequence to the terminal 41 in the case of 32 Kbits/sec. 

With the transmitter of Fig. 14 and the receiver of 
Fig. 15, the spectral bandwidth of the transmission wave 
can be held substantially constant even if the transmis- s 
sion rate of the transmission signal is changed. 

The receivers of the embodiments shown in Figs. 6, 
1 3 and 1 5 perform diversity detection through utilization 
of the multipath propagation delay time difference In 
Fig. 16 there is illustrated an embodiment of a receiver io 
which permits reception further robust against fading by 
a combination of the multipath diversity with antenna 
diversity (space diversity). In this example, two anten- 
nas 25i and 25a are provided apart or in different direc- 
tions, the received signals therefrom are amplified by is 
amplifiers 26^ and 262 and multiplied by carrier signals 
CW from carrier signal generators 27 t and 27 2 in multi- 
pliers 28i and 282. then difference frequency compo- 
nents are extracted by low-pass filters 29! and 2% from 
the multiplied outputs and are fed as spread baseband 20 
received signals to the multipath separating parts 30 1 
and 30 2 . The multipath separating parts 30-\ and 30 2 
can be constructed in the same manner as the multipath 
separating part 30 in the receiver of Fig. 6, 13 or 15, for 
instance. In the case of using the multipath separating 2s 
part of either one of the receivers depicted in Figs. 6 and 
13, since the long code generators 33 L of the two multi- 
path separating parts 30-j and 3O2 generate the same 
long code SC|_. it is also possible to employ a configura- 
tion wherein the multipath separating part share one so 
long code generator 33 L as shown in Fig. 16. 

The despread baseband signals corresponding to 
the direct path and the delayed path, provided from the 
multipath separating parts 30-, and 30 2 , are fed to the 
diversity detecting part 40 for diversity detection. In this 35 
case, it is sufficient that the diversity detecting part 40 
extends the configuration having the two terminals 3 t 
and 32 and the adder 43D as shown in Fig. 10A, 10B or 
10C into four paths versions. The interference canceler 
of Fig. 8 or 9 may be provided at the input of each path 40 
as depicted in Fig. 6. The signal decision result by the 
diversity detection is provided to the terminal 41 . 

In the receivers shown in Figs. 6, 13 and 15, it is 
apparent that each multipath separating part 30 may 
have such a configuration as shown in Fig. 17. In this 45 
instance, the short code from the short code generator 
33 s and the long code from the long code generator 33 L 
are combined by an exclusive-OR circuit 34X into a 
composite spreading code, which is fed to a despread- 
ing part formed by one multiplier, wherein the so 
spread baseband received signal of the direct path is 
multiplied by the composite spreading signal, and the 
multiplied output is smoothed by an integrator 35t to 
obtain a despread signal. At the same time, the com- 
posite spreading code is delayed by a delay circuit 36 ss 
for a predetermined delay time and applied to a 
despreading part 32g formed by one multiplier, wherein 
the spread baseband received signal of the delayed 
path is multiplied by the delayed composite spreading 



code, and the multiplied output is smoothed by an inte- 
grator 352 to obtain a despread signal. In the application 
of this configuration to the receiver of Fig. 15, however, 
the long code generator 33L is adapted to be used in 
common to the other multipath separating parts. With 
the configuration of Fig. 17, one of the delay circuits in 
Figs. 1, 13 and 15 can be dispensed with and the two 
multipliers 32Bj and 32B2 can be substituted with one 
exclusive-OR circuit 34X. But the principle of operation 
in this example is exactly the same as that described 
above with reference to Figs. 6, 13 and 15. Further, it is 
apparent that the spreading part 1 4 in each of the trans- 
mitters of Figs. 4 and 1 1 can be formed by one multiplier 
and an exclusive-OR circuit as depicted in Fig. 17 so 
that the baseband modulated signal b(n) is multiplied by 
the exclusive OR of the short and long codes from the 
short and long code generators 13 s and 13 L . 

In Fig. 18 there is illustrated another modified form 
of the multipath separating part 30 for use in the receiv- 
ers depicted in Figs. 6, 13 and 15. which is adapted to 
use correlators for despreading by the short code. As 
shown in Fig. 18. the delay circuit 36 is provided 
between the output of the hybrid circuit 31 and the input 
of the despreading part 32f corresponding to the direct 
path. The despreading part 32 1 corresponding to the 
direct path is composed of a multiplier 32B t which mul- 
tiplies the spread baseband received signal b^n) from 
the hybrid circuit 31 via the delay circuit 36 by the long 
code from the long code generator 33 L and a correlator 
32C 1 which correlates the multiplier output with the 
short code SC S and provides the correlated output as 
the despread baseband modulated signal b-,(n) to the 
terminal 3j. In the Fig. 18 embodiment, short codes 
SC S of the chip number M held in a short code setting 
part 33ss are provided in parallel, as tap coefficients 
Wi* to w M *. to the respective correlators 32C t and 
32C 2 , instead of generating a sequence of chips of the 
short code SC S in a repeating cyclic order, and in the 
correlators 32C t and 32C2 the short code SC S is corre- 
lated with the long code multiplied outputs from the mul- 
tipliers 32B 1 and 32B2, by which despreading is 
performed. 

The correlator 32C 1 is formed by, for example a 
transversal filter as shown in Fig. 19. That is, the corre- 
lator 32C 1 comprises: cascade-connected M-1 stages 
of delay elements C1 1 to C1 m.-, into which the multiplied 
output from the multiplier 32B 1 is input; multipliers 
to C2M which multiply the inputs to the respective delay 
elements C1i to C1 M -2 and the output from the last- 
stage delay element C1 M _ 1 by the tap coefficients w 1 * to 
w M \ respectively, where * denotes complex conjugate; 
and an adder C3 which adds together the multiplied out- 
puts from the multipliers C2 1 to C2 M and provides the 
added output as a correlation value to a terminal C v 
The function of the adder C3 is equivalent to the func- 
tion of the integrator 35j in Figs. 6, 13, 15 and 17. The 
delay time of each of the delay elements C1 ^ to C1 M . 1 is 
equal to the period T c of the clock signal CK (the chip 
period of the short code in the receiver shown in Fig. 4), 
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and the correlator 32Cj operates in synchronization 
with the clock signal CK as a whole. The correlator 32C2 
also as the same configuration as that of the correlator 
320^ By accurately setting the delay time to be set in 
the delay circuit 36 to the delay time of the delayed path 5 
relative to the direct path, the peak of the correlated out- 
put for the direct path from the correlator 32G 1 and the 
peak of the correlated output for the delayed path from 
the correlator 32C2 coincide with each other in timing, 
and the correlated outputs of that timing are applied, as 10 
the baseband modulated signals b^n) and b 2 (n) to be 
despread, to terminals 3-t and 32- 

In the application of the muttipath separating part 
30 of Fig. 18 to the receivers of Figs. 6. 13 and 15, the 
correlators 32C 1 and 32C2 and the short code setting 15 
part 33ss are provided instead of providing the interfer- 
ence cancel ers 42 1 and 42 2 for canceling interference 
signals from other users in the diversity detecting part 
40 as shown in Fig. 3. This configuration is illustrated in 
Fig. 20. The muftipath separating part 30 of this exam- 20 
pie comprises: hard decision units 34A-, and 34A2 
which make hard decision of the output signals from the 
correlators 32C 1 and 32 C2; subtracters 34B 1 and 34B2 
which output the differences between the decision 
results and the outputs from the correlators 32C! and 25 
32C2 as error signals e-, and eg; and a short code set- 
ting part 33 c which determines the short codes to be 
fed as tap coefficient vectors W-, and W 2 to the correla- 
tors 32Ci and 32C 2 on the basis of the error signals e 1 
and eg and the long code multiplied results that are pro- 30 
vided to terminals B 1 and B 2 . The correlators 32C 1 and 
32C2 have the same construction as shown in Fig. 19 
and driven by the clock signal CK of the period T c . Ele- 
ments f*^ Vw 12 * W 1M T and {w 21 *, w^*. .... W 2M *}, 

which form the given tap coefficient vectors W 1 and W 2 , 35 
are provided as lap coefficients from the short code set- 
ting part 33 c to the correlators 32Cf and 32C2. respec- 
tively, from which the correlations between the tap 
coefficients and the long code multiplied outputs from 
the terminals B 1 and B 2 are output, as despread outputs 40 
by the short codes SC S i and SC S2 , to terminals and 

In the short code setting part 33c there are always 
held the same versions as the latest M long code multi- 
plied results x 11 , x 12 x 1M fed to the correlator 32C 1 45 

via the terminal B 1 in synchronization with the clock sig- 
nal CK, and the short code SC s ={s v s 2 , s M } con- 
sisting of M chips is provided as an initial value of the 
tap coefficient vector W 1 to the multipliers C2 1( C2 2 , .., 
C2 M in the correlator 32^ (see Rg. 1 9), iteratively cor- so 
recting the tap coefficient vector 

W^lw^*, w 12 * W 1M *} so that the mean square 

of the error signal e^ from the subtractor 34B-J is mini- 
mized following the LMS algorithm that is a kind of least 
squares method. Similarly, the short code setting part 55 
33 c is further being supplied with the same versions as 
the latest M long code multiplied results x 21 , x^, x 2M 
fed via the terminal B 2 in synchronization with the clock 
signal CK, and the short code SC s ={s v s 2 s M } is 



provided as an initial value of the tap coefficient vector 
W 2 to the correlator 320^, iteratively correcting the tap 
coefficient vector W 2 «{w 21 *, w^*, W 2M *} so that 
the mean square of the error signal e 2 from the subtrac- 
tor 34B 2 is minimized following the LMS algorithm. 
When the tap coefficient vectors W 1 and W 2 are thus 
controlled to minimize the mean squares of the error 
signals e^ and e 2 , the correlators 32Ci and 32C^ pro- 
vide, as their outputs bj(n) and b^n), despread base- 
band modulated signals with interference signals 
canceled therefrom. 

Rg. 21 illustrates in block form another embodiment 
which performs interference cancellation in the correla- 
tors 32C 1 and 320^ The illustrated configuration is a 
substitute for the correlators 32C 1 and 32(^ and the 
short code setting part 33ss in Rg. 18. In this example, 
the short code setting part 33c determines the tap coef- 
ficient vectors W 1 and W 2 to be set in the correlators 
32Ci and 32 C2 on the basis of the latest M multiplied 

results {x 11 , x 12 , .... x-| M } and {x 21 , x^ x 2M } each 

equal in number to the chip number of the short code, 
the outputs from the correlators 32Ci and 32C^ and the 
short code SCs. That is to say, as is the case with Rg. 
20, the short code setting part 33 c is being supplied 
with the latest M long code multiplied results {x 11( x 12 , 

x 1M } and controls the tap coefficient {w n *, w 12 *. ... 
w 1M *} so that the average power of the output signal 
from the correlator 32C 1 is minimized under a constraint 
that the inner product W T 1 S of the tap coefficient vector 
W 1 s{w 11 * v w 12 *. w 1M *} and the short code 
SC s =(s 1i s^ s M } as a steering vector S be con- 
stant Here, 'denotes transposition. As regards the cor- 
relator 32C2, too, the short code setting part 33c 
similarly controls the tap coefficient so that the average 
power of the output signal from the correlator 32C2 is 
minimized under a constraint that the inner product 
W T 2 S of the tap coefficient vector 

W 2 ={w 21 *. w^* W 2M *} and the short code be 

constant Also with the arrangement shown in Rg. 21, 
the correlators 32Ci and 32^ cancel interference sig- 
nals on the basis of the tap coefficient vectors W 1 and 
W 2 determined as mentioned above and output, as 
despread baseband modulated signals b^n) and b^n), 
the correlations between the long code multiplied 
results corresponding to the direct and delayed paths 
and the short code SCs. 

While the modifications shown in Figs. 20 and 21 
both have been described to cancel interference signals 
in the correlators 32Ci and 320^ it is also possible to 
employ, based on the same principle as that in Rg. 8 or 
9, a configuration wherein a plurality of correlators are 
provided in the despreading part in such a manner as to 
cancel an interference signal from a linear composite 
signal of their correlation outputs. An example of such 
an arrangement is depicted in Rg. 22, in which only the 
configuration between the terminals B 1 and C 1 in one 
despreading part 32 1 in Fig. 18, and the configuration of 
this example can be provided between the terminals B 2 
and C2 as well. Further, in the application of the princi- 
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pie in Fig. 8, connection lines from the outputs of corre- 
lators 32C 1t to 32C 14 and an adder 32 s to a weighting 
factor control part 33 w in Fig. 22 are unnecessary. 

In the Fig. 22 embodiment, different short codes 
SC S i to SCs4 of the same length are set in the correla- s 
tors 32Cii and 32C 14 from the short code setting part 
33ss. One of the short codes is the short code SC S1 for 
the desired signal, which is set in the correlator 32C 11t 
for instance. For instance, in the case of employing the 
principle of Fig. 8, the other short codes SC S 2» SCs3 10 
and SCs4 are set in the other correlators 32C 12 , 32C 13 
and 32C 14 , and the correlations between the long code 
multiplied results and the individual short codes SC S i to 
SCs4 are obtained. The resulting correlation outputs are 
provided to multipliers 32M 1 to 32M 4 , wherein they are is 
multiplied by weighting factors w 1 to w 4 from the weight- 
ing factor control part 33 w, then the multiplied outputs 
are added together by an adder 32S and the adder out- 
put is provided as the despread signal b^n) to the ter- 
minal Cj. The multipliers 32M 1 to 32M 4 and the adder 20 
32S constitute a weighting combiner. The weighting fac- 
tor control part 33 w determines, as in the case of Fig. 8, 
the weighting factors w 1 to w 4 so that no interference 
signal other than the desired signal is contained in the 
linear composite signal that is produced by the adder 25 
32S. In Fig. 22. the short codes SC^, SC^ and SC^ 
to be set in the correlators 32C 12 . 32C 13 and 32C 14 
need not always be short codes of other user but may 
be those orthogonal to the short code SC S1 and orthog- 
onal to one another as previously in the Fig. 9 embodi- so 
merit The weighting factors to w 4 in such a case can 
be determined by the same operation as described pre- 
viously with reference to Fig. 9. 

In the receivers described above in respect of Figs. 
6, 13 and 16, one delay circuit 36 may be inserted 35 
between the hybrid circuit 31 and the despreading part 
32i corresponding to the direct path as depicted in Fig. 
18 instead of inserting the two delay circuits 36 s and 
36 L of each murtipath separating part 30 (30 1( 30^ 
between the short and long code generators 33s and 40 
33 L and the multipliers 32A2 and 32 B2, respectively. 
Also in Fig. 17, the delay circuit 36 may be provided 
between the hybrid circuit 31 H and the despreading 
part 32 v In the receivers of the embodiments shown in 
Figs. 6. 13, 15, 16 and 17. the multipath separating as 
parts 30. 30 1 and 3O2 have been described on the 
assumption that the received wave is based on a two- 
wave model. In the cases of three-wave model, four- 
wave model and so forth, despreading branch paths 
corresponding to the number of delayed paths to be so 
taken into account are added and despreading is car- 
ried out using short and long codes delayed by delay 
circuits of delay times corresponding to the respective 
delayed paths. And for multipath components further 
added by the above operation, it is necessary only to ss 
add arrangements corresponding to the paths in the 
diversity detector 43 (Fig. 10A. 10B or 10C) to permit 
diversity detection of the added multipath components. 



As described above, the receiver of the present 
invention permits diversity type detection with improved 
SN ratio through maximum utilization of the energies of 
multipath components. As a result, the bit error rate can 
be improved. By using interference cancelers as 
required, signal components of other users in the same 
ceil can also be canceled-this further improves the 
transmission characteristic. Additionally, the receiver 
can also be designed so that the spectral bandwidth of 
the transmission wave remains unchanged even if the 
transmission rate is changed. 

Fig. 23 shows computer simulation results which 
prove the effectiveness of the present invention. The 
spreading ratio was 16, the number of users was eight 
and the reception timing of the respective users was 
assumed to be synchronized. The modulation system 
used was a 10 Kb/s BPSK modulation system and 
codes of an auto-correlation below 0.25 were used as 
spreading codes. The propagation path model used 
was a two-path Rayleigh fading model and the delay 
time difference was T c . The average En/No was 20 dB 
and the maximum Doppler frequency 80 Hz. In Fig. 22. 
N=1 shows the prior art and the average error rate is 
improved by the present invention which sets N to a 
value greater than 1. It is seen from Fig. 23 that the 
value N may preferably be 2. 3, 4 or so and that the 
improvement rate approaches saturation as the value N 
is further increased. 

As described above, the present invention offers a 
spread spectrum transmitter and receiver which have 
excellent transmission characteristic over multipath 
propagation. Moreover, the channel capacity of the 
communication system can significantly be increased 
since interference components can effectively be can- 
celed. The present invention is of great utility when 
employed in radio systems in which a large number of 
users share the same carrier frequency. 

It will be apparent that many modifications and var- 
iations may be effected without departing from the 
scope of the novel concepts of the present invention. 

Claims 

1 . A spread spectrum transmitter employing compos- 
ite spreading codes, comprising: 

a baseband modulator for modulating an input 
digital signal of a predetermined bit rate into a 
baseband signal of a fixed symbol period; 
clock signal generating means for generating a 
first clock signal of a predetermined first clock 
period and a second clock signal of a clock 
period N times longer said first clock period, 
said N being a value larger than 1 but smaller 
than 8; \ 
a short code generator for repeatedly generat- 
ing a short code of a chip period of the same 
length as that of said first clock period and of a 
first repetition period in synchronization with 
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said first clock signal for each chip, said first 
repetition period of said short code being set 
equal to said symbol period; 
a long code generator for repeatedly generat- 
ing a long code of a chip period longer than the s 
chip period of said short code and of a second 
repetition period longer than a predetermined 
delay time of a propagation path and said first 
repetition period in synchronization with said 
second clock signal for each chip; 10 
a spreading part for spreading said baseband 
modulated signal by a pair of said short code 
and said long code to berate a spread base- 
band modulated signal; and 
a transmitting part for modulating a carrier sig- is 
nat by said spread baseband modulated signal 
and for transmitting said modulated carrier sig- 
nal. 

2. The transmitter of claim 1 , wherein said short code 20 
generator includes selective code generating 
means for repeatedly generating a desired one of a 
plurality of short codes of predetermined different 
repetition periods in accordance with the transmis- 
sion rate of said input digital signal, in synchroniza- 25 
tion with said first clock signal for each chip, and 
wherein said transmitter includes a select signal 
generator for supplying said selective code gener- 
ating means of said short code generator with a 
select signal to control it to select and generate a 30 
short code of a repetition period corresponding to 
the transmission rate of said input digital signal so 
that said repetition period of said short code and 
said symbol period of said baseband modulated 
signal coincide with each other. 35 

3. The transmitter of claim 2, wherein said selective 
code generating means of said short code genera- 
tor includes a shift register driven by said first clock 
signal, a selective exclusive-OR circuit for selec- 40 
tively providing the exclusive ORs of different sets 

of shift stages of said shift register and a switch 
responsive to said select signal from said select 
signal generator to select and input one of said 
exclusive ORs of said different sets of shift stages 45 
to said shift register, said short code generator out- 
putting an input signal that is fed into a predeter- 
mined shift stage of said shift register as said short 
code. 

so 

4. A spread spectrum transmitter employing compos- 
ite spreading codes, comprising: 

a demultiplexer for distributing an input digital 
signal to a designated number of signal ss 
sequences for each bit; 

a plurality of baseband modulators for deter- 
mining the number of said signal sequences in 
accordance with the transmission rate of said 



input digital signal so that each of said signal 
sequences always has a predetermined bit 
rate, and for modulating signal sequences of 
said predetermined bit rates from said demulti- 
plexer into baseband modulated signals of 
fixed symbol periods; 

clock signal generating means for generating a 
first clock signal of a predetermined first clock 
period and a second clock signal of a second 
clock period N times longer than said first clock 
period, said N being a value larger than 1 but 
smaller than 8; 

a plurality of short code generators for generat- 
ing different short codes of the same repetition 
period in synchronization with said first clock 
signal for each chip; a plurality of first multipli- 
ers for spreading said baseband modulated 
signals from said plurality of baseband modula- 
tors by said short codes from said plurality of 
short code generators; 

an adder for adding the outputs from said plu- 
rality of first multipliers into a primary spread 
baseband modulated signal; 
a long code generator for repeatedly generat- 
ing a long code of a chip period longer than the 
chip period of said short codes and a predeter- 
mined delay time of a propagation path and of 
a repetition period longer than the repetition 
period of said short codes in synchronization 
with said second clock signal for each chip; 
a second multiplier for spreading said primary 
spread baseband modulated signal by said 
long code to obtain a secondary spread base- 
band modulated signal; and 
a transmitting part for modulating a carrier sig- 
nal by said secondary spread baseband modu- 
lated signal and for transmitting said modulated 
carrier signal. 

5. the transmitter of claim 2 or 4, wherein the trans- 
mission rate of said input digital signal is any one of 
a plurality of predetermined transmission rates that 
have an integral-multiple relationship to each other. 

6. A spread spectrum receiver employing composite 
spreading codes, comprising: 

a receiving part for receiving a transmitted 
wave spectrum-spread by short and long 
codes to obtain a spread baseband received 
signal; 

clock signal generating means for generating a 
first clock signal of a predetermined first clock 
period and a second clock signal of a second 
clock period N times longer than said first dock 
period, said N being larger than 1 but smaller 
than 8 and said second clock period being set 
longer than a predetermined delay time of a 
propagation path; 
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a muttipath separating part including a prede- 
termined number of despreading parts each 
provided corresponding to one of a plurality of 
mufti path components including a direct path 
component and at least one delayed path com- 5 
ponent, for despreading said spread baseband 
received signal from said receiving part by a 
pair of a short code of a first chip number and a 
long code of a larger chip number in synchroni- 
zation with said first and second clock signals w 
at timing corresponding to an individual muttip- 
ath and for outputting a despread signal corre- 
sponding to one of said plurality of multipath 
components; and 

a diversity type detecting part for diversity- is 
detecting despread signals from said predeter- 
mined number of despreading parts to detect a 
digital signal. 

7. The receiver of claim 6, wherein said multipath sep- 20 
a rating part includes a delay circuit whereby a time 
difference corresponding to the delay time of a path 
delayed behind said direct path is set between tim- 
ings for the despreading of said spread baseband 
received signal by said pair of short and long codes 2s 
in said predetermined number of despreading 
parts. 

8. The receiver of claim 7, wherein said multipath sep- 
arating part includes a long code generator for 30 
repeatedly generating said long code in synchroni- 
zation with said second clock signal for each chip. 

9. The receiver of claim 8, further comprising a short 
code generator for repeatedly generating said short 35 
code in synchronization with said first clock signal 

for each chip. 

10. The receiver of claim 9, wherein said predeter- 
mined number of despreading parts each include a 40 
multiplier for multiplying said spread baseband 
received signal by said pair of short and long codes. 

11. The receiver of claim 10, wherein said delay circuit 

is provided to introduce said time difference in a 45 
pair of short and long codes which is applied to said 
multiplier of said despreading part corresponding to 
said delayed path. 

12. The receiver of claim 10, wherein said delay circuit so 
is provided to introduce said time difference in said 
spread baseband received signal which is applied 

to said multiplier of said despreading part corre- 
sponding to said direct path. 

55 

13. The receiver of claim 1 1 or 12, wherein said multip- 
ath separating part includes an exclusive-OR circuit 
for providing the exclusive OR of said short and 



long codes from said short and long code genera- 
tors as said pair of short and long code. 

14. The receiver of claim 8, wherein said multipath sep- 
arating part includes a short code setting part for 
holding said short code, wherein said despreading 
parts each include a multiplier for multiplying said 
spread baseband received signal by said long code 
and a correlator for obtaining the correlation 
between the result of said multiplication and said 
short code set in said short code setting part and 
for outputting said correlation as said despread sig- 
nal, and wherein said delay circuit is provided to 
introduce said time difference in said spread base- 
band received signal which is applied to said multi- 
plier of said despreading part corresponding to said 
direct path. 

15. The receiver of claim 14, wherein said correlator in 
said each despreading part is a transversal filter 
which is supplied with the chip of said short code as 
a filter coefficient. 

16. The receiver of claim 9. wherein said short code 
generator includes a selective code generating 
means for repeatedly generating a desired one of a 
plurality of short codes of predetermined different 
repetition periods in synchronization with said first 
clock signal for each chip, and wherein said multip- 
ath separating part includes a select signal genera- 
tor for supplying said selective short code 
generating means of said short code generator with 
a select signal to control it to select a short code of 
a repetition period which coincides with the symbol 
period of said baseband modulated signal. 

17. The receiver of claim 16, wherein said selective 
code generating means of said short code genera- 
tor includes a shift register driven by said first clock 
signal, a selective exdusive-OR circuit for selec- 
tively providing the exclusive ORs of different sets 
of shift stages of said shift register and a switch 
responsive to said select signal from said select 
signal generator to select and input one of said 
exclusive ORs of said different sets of shift stages 
to said shift register, said short code generator out- 
putting an input signal to a predetermined shift 
stage of said shift register as said short code! 

18. The receiver of claim 6, wherein said diversity type 
detecting part includes a predetermined number of 
interference cancelers for canceling interference 
signal components caused by other short codes in 
respective despread signals from said predeter- 
mined number of despreading parts, and a diversity 
detector for diversity-detecting said despread sig- 
nals from said predetermined number of interfer- 
ence cancelers and for providing the diversity- 
detected output as said detected digital signal. 
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19. The receiver of claim 18, wherein said predeter- 
mined number of interference cancel ers each 
include: a plurality of matching filters for re-spread- 
ing said despread signals from said predetermined 
number of despreading parts by a short code of a s 
desired signal and for obtaining the correlations 
between said re-spread signals and short codes 
corresponding to said desired signal and interfer- 
ence signals; a plurality of weighting multipliers for 
multiplying the correlation outputs from said match- 10 
ing fitters by weighting factors, respectively; an 
adder for adding together the multiplied outputs 
from said weighting multipliers into a composite sig- 
nal as the output from said each interference can- 
cel er; and a weighting factor control part for 15 
calculating the weighting factors for said weighting 
multipliers so that said interference signal compo- 
nents in the outputs from said matching filters cor- 
responding to said desired signals are canceled. 

20 

20. The receiver of claim 18, wherein said predeter- 
mined number of interference cancelers each 
include: a plurality of matching filters for re-spread- 
ing said despread signals from said predetermined 
number of despreading parts by a short code of a 25 
desired signal and for obtaining the correlations 
between said re-spread signals and a short code 
corresponding to said desired signal and a short 
code orthogonal to said short code corresponding 

to said desired signal; a plurality of weighting mufti- 30 
pliers for multiplying the correlation outputs from 
said matching filters by weighting factors, respec- 
tively; an adder for adding together the multiplied 
outputs from said weighting multipliers into a com- 
posite signal as the output from said each interfer- 35 
ence cancel er; and a weighting factor control part 
for calculating the weighting factors for said weight- 
ing multipliers so that said interference signal com- 
ponents in the outputs from said matching filters 
corresponding to said desired signals are canceled. 40 

21. The receiver of claim 6, wherein said diversity type 
detecting part includes: a predetermined number of 
differential detection circuits for differential -detect- 
ing said despreading signals corresponding to said 45 
muftipath, respectively; an adder for adding 
together the differential-detected outputs from said 
differential detection circuits; and a decision part for 
making a hard decision of the added output and for 
outputting the decision result as said detected dig- so 
ita! signal. 

22. The receiver of daim 6, wherein said diversity 
detecting part incudes: coherent detectors for 
coherently detecting said despreading signals cor- 55 
responding to said muftipath by a plurality of syn- 
chronizing signals, respectively; an adder for 
adding together the coherent detected outputs from 
said coherent detectors; a decision part for making 



a hard decision of said added output and for output- 
ting the decision result as said detected digital sig- 
nal; a subtracter for obtaining an error between the 
input into and the output from said decision part; 
and a control circuit for controlling said synchroniz- 
ing signals so that the square of sid error is mini- 
mized. 

2a The receiver of claim 6, wherein said diversity type 
detection part includes: a plurality of branch metric 
generating parts for calculating the likelihoods of a 
common symbol sequence candidate for said 
despread signals corresponding to said muftipath, 
respectively; an adder for adding together the likeli- 
hoods from said plurality of branch metric generat- 
ing parts; and a maximum likelihood sequence 
estimator for selecting a symbol sequence candi- 
date of a maximum likelihood function on the basis 
of the output from said adder and for outputting the 
result of decision of said selected symbol sequence 
candidate as said detected digital signal. 

24. The receiver of claim 15, wherein said each of said 
despreading parts of said muftipath separating part 
includes a signal decision unit for making a hard 
decision of the output signal from said correlator 
and a subtracter for obtaining the difference 
between the decision result by said signal decision 
unit and the output signal from said correlator as an 
error, and wherein said short code setting part iter- 
atively updates said filter coefficients so that the 
mean square of said error is minimized. 

25. Trie receiver of claim 15, wherein said short code 
setting part of said muftipath separating part esti- 
mates said filter coefficients so that the average 
power of the output from said correlator is mini- 
mized under a constraint that the inner product of a 
filter coefficient vector set in said correlator of said 
each despreading part and said short code as a 
steering vector is constant. 

26. The receiver of claim 8, wherein each of said 
despreading part includes a multiplier for multiply- 
ing said spread baseband received signal by said 
long code, a short code setting part for holding a 
plurality of predetermined short codes including 
said short code corresponding to a desired signal, a 
plurality of correlators for outputting the correlations 
between long code multiplied output from said mul- 
tiplier and said plurality of short codes from said 
short code setting part and a weighting combiner 
for weight-combining the correlation outputs from 
said plurality of correlators into said despread sig- 
nal, and wherein said delay circuit is provided to 
introduce said time difference in said spread base- 
band received signal which is applied to said multi- 
plier of said despreading part corresponding to said 
direct path. 
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27. The receiver of claim 6, wherein said muto'path sep- 
arating part and said diversity type detection part 
are each provided in a predetermined number 
larger than 2 and said spread baseband received 
signal from said receiving part is fed to each of said 
plurality of muitipath separating parts, and which 
further comprising a multiplexer for selectively cou- 
pling said detected digital signals from said prede- 
termined diversity type detection part in a repeating 
cyclic order for each chip into a sequence of 
detected digital signals and a select signal genera- 
tor for supplying said multiplexer with a select signal 
for designating that one of said diversity type detec- 
tion parts which is to be selected by said multiplexer 
in correspondence with the bit rate of said transmit- 
ted signal, and wherein said short codes used in 
said predetermined number of muitipath separating 
parts have the same chip number but differ from 
each other. 

28. The receiver of claim 6, wherein said receiving part 
and said muitipath separating part are each pro- 
vided in a predetermined number larger than 2 in 
correspondence with a predetermined number of 
antennas larger than 2, and wherein said diversity 25 
type detection part diversity-detects despread sig- 
nals corresponding to respective muitipath compo- 
nents, respectively fed thereto from said 
predetermined number of muitipath separating 
parts and outputs said detected digital signal. so 

29. The receiver of claim 27 or 28, wherein each of said 
muitipath separating part includes a delay circuit for 
setting a delay time corresponding to the delay time 

of a path delayed relative to said direct path 3s 
between respective timings for despreading said 
spread baseband signal by said pair of short and 
long codes in said predetermined number of 
despreading parts. 

40 

30. The receiver of claim 27 or 28, further comprising a 
long code generator for repeatedly generating said 
long code in synchronization with said second clock 
signal for each chip and for applying said long 
codes to each of said muitipath separating part 45 
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